Abstract. Japanese apricot (Prunus mume Sieb. et Zucc.) exhibits S-RNase-based gametophytic self-incompatibility as do other Prunus species. Both self-incompatible and self-compatible Japanese apricot cultivars are grown commercially in Japan. These self-compatible cultivars are shown to have a common S-haplotype called S f that contains S f -RNase and SFB f (S-haplotype-specific F-box protein). This study describes a simple and rapid detection of SFB f , in Japanese apricot, based on loop-mediated isothermal amplification (LAMP) method. A set of 4 primers, F3, B3, FIP, and BIP primer, were designed from the exon and the putative inserted sequence of SFB f . Optimal reaction time at 63°C was determined to be 90 minutes. It appeared that the LAMP method combined with the ultrasimple DNA extraction efficiently detected SFB f . The advantage of the marker-assisted selection of self-compatibility based on the LAMP method was discussed.
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Japanese apricot exhibits S-RNase-based gametophytic self-incompatibility, as do other self-incompatible crops in the Rosaceae (Janick and Moore, 1975; Miyake et al., 1995; Yaegaki et al., 2001 ). The specificity of the self-incompatibility response is determined by the S-haplotypes of the polymorphic S locus. The self-incompatible phenotypes of the pistil and pollen are controlled by S locus genes, called the pistil determinant S-RNase, and the pollen determinant SFB (Entani et al., 2003 , Ushijima et al., 2003 , 2004 Yamane et al., 2003a Yamane et al., , 2003b , respectively.
Although both self-incompatible and selfcompatible Japanese apricot cultivars are grown commercially in Japan, self-compatible cultivars have a horticultural advantage because no cross-pollinizer is required. Consequently, one of the major breeding goals for Japanese apricot is to produce self-compatible cultivars. However, assessment of selfcompatibility, as determined by conventional methods of pollination and pollen-tube growth test, usually requires several years after the tree reaches the flowering age. With marker-assisted selection for self-compatibility, the time required for breeding of selfcompatible Japanese apricot cultivars could be considerably shortened because molecular markers make it possible to select selfcompatible individuals soon after germination.
Previously, Tao et al. (2000 Tao et al. ( , 2002 found that self-compatible cultivars of Japanese apricot share a common S-haplotype, termed S f -haplotpe, that can be used as a molecular marker for self-compatibility. Furthermore, to detect the self-compatible individuals easily, Tao et al. (2003) developed a polymerase chain reaction (PCR) primer set, Ken2 and PM-R, from the intron sequence of S f -RNase, which can be used to specifically amplify the S f -RNase fragment. However, Ushijima et al. (2004) recently found that an insertion into the SFB f could be a primary cause of the selfcompatibility in Japanese apricot cultivars with the S f -haplotype. Although S-RNase and SFB are tightly linked to each other as if they were a single gene and S f -RNase can be a good marker for self-compatibility, the use of a molecular marker for the mutated SFB f would be a more direct way. Yamane et al. (2003b) developed a method based on DNA gel blot analysis to detect SFB f . However, several bands from the homologous DNA sequences to SFB made the detection of SFB f difficult. A novel nucleic acid amplification method, termed loop-mediated isothermal amplification (LAMP), has recently been reported by Notomi et al. (2000) . The LAMP method is capable of amplifying DNA under isothermal conditions with high specificity and speed. An important advantage of LAMP is its ability to amplify specific sequences of DNA under isothermal conditions between 63 and 65°C. In addition, LAMP can be easily judged from turbidity of the reaction mixture by the naked eye without electrophoresis. These features allow the method to be performed simply compared with PCR, which uses complicated equipment such as thermal cycling machines and electrophoresis apparatus. In this study, we established a LAMP-based protocol and examined its reliability in the detection of self-compatible progenies with SFB f . We also tested several different miniprep methods for plant DNA isolation to be used for LAMP.
Materials and Methods

Plant materials
Six self-incompatible Japanese apricot cultivars (ÔGessekaiÕ, ÔNankoÕ, ÔGyokueiÕ, ÔOusyukuÕ, ÔKotsubu-NankoÕ, and ÔKairyo-UchidaumeÕ) and 8 self-compatible cultivars (ÔRinsyuÕ, ÔShinpeidayuÕ, ÔJizo-umeÕ, ÔRyukyo-KoumeÕ, ÔBenisashiÕ, ÔOrihemeÕ, ÔHachiroÕ, and ÔKensakiÕ) were used in this study.
DNA extraction
Total DNAs were extracted from young leaves of 14 cultivars by the CTAB method described by Doyle and Doyle (1987) , the miniprep method by Edwards et al. (1991) , and the ultrasimple DNA extraction method by Ikeda et al. (2001) .
LAMP reaction
The LAMP reaction was conducted as described by Notomi et al. (2000) . LAMP requires a set of 4 primers (B3, F3, FIP, and BIP), recognizing a total of 6 distinct sequences within target DNA. Primers for LAMP were designed using Primer Explorer V3 software on the web site of ''Netlaboratory'' (http://primerexplore.jp; FUJITSU, Japan) targeting the exon and the putative inserted sequence of SFB f (Fig. 1 The mixture was incubated at 63°C for 30, 60, 90 and 120 minutes and then at 80°C for 2 minutes to end the reaction. A total of 5 mL of the product was analyzed in 1% agarose gel by electrophoresis, stained with ethidium bromide, and visualized by ultraviolet transillumination. Furthermore, because the LAMP produces a large amount of byproduct, a pyrophosphate ion, yielding a white precipitation of magnesium pyrophosphate in the LAMP reaction mixture, the observation of the turbidity of the reaction mixture was also used for the detection of SFB f .
Results
Determination of reaction time for the detection of SFBf by LAMP The LAMP reaction was carried out using the genomic DNA isolated from a selfcompatible cultivar, ÔRyukyo-Koume,Õ to optimize the conditions. It appeared that 90 minutes of incubation at 63°C was enough to detect SFB f . Less amplification and no turbidity in tubes were found at 30 minutes and 60 minutes, whereas the specific DNA banding patterns on the gel and the white turbidity in tubes were seen at 90 minutes and 120 minutes ( Fig. 2A, B) .
Optimal DNA extraction method for the detection of SFBf by LAMP
The genomic DNAs isolated from a selfcompatible cultivars ÔRyukyo-KoumeÕ by 3 DNA extraction methods were used for the LAMP reaction. DNA isolated by the CTAB method and the ultrasimple DNA extraction method yielded almost the same amount of LAMP products and more than that obtained by the miniprep method described by Edwards et al. (1991) (Fig. 3) . The shortening and simplification of the DNA extraction step is also important to save time and labor for the selection of selfcompatible individuals from hundreds of seedlings. Therefore, the ultrasimple DNA extraction method (Ikeda et al., 2001) , which can be carried out within 30 minutes, was suitable for the selection by LAMP. DNA isolated by the CTAB method was also good for the LAMP reaction of SFB f ; however, the CTAB method takes few hours and requires many steps with many reagents and equipments.
Detection of self-compatibility by LAMP
T h e o p t i m i z e d LAMP procedure for the detection of SFB f was tested to determine if the self-compatible cultivars could be distinguished from the self-incompatible ones. The specific DNA banding patterns from the LAMP products and the white precipitation of magnesium pyrophosphate were detected only in the self-compatible cultivars (Fig. 4A,  B) . Thus, we concluded that the LAMP reaction occurred specific to SFB f in the self-compatible cultivars of Japanese apricot and that this procedure could be applied to the selection of self-compatible individuals with the S f -haplotype.
Discussion
Marker-assisted selection permits the rapid identification of key individuals harboring useful genes. Thus far, PCR is the most widely used nucleic acid amplification method for the marker-assisted selection because of its apparent simplicity and consistency. However, the LAMP technique has the following favorable characteristics that give it an advantage over other nucleic acidbased techniques, including PCR. First, because the LAMP method amplifies nucleic acid in isothermal conditions in the range of 63 to 65°C, it only requires simple reaction equipment. Second, the amplification efficiency is extremely high because there is no time loss resulting from thermal change, and inhibition reactions at the later stage of amplification is less likely to occur compared with PCR. Third, because the LAMP method uses 4 primers recognizing 6 distinct regions on the target DNA sequence, its specificity is extremely high. Finally, because the LAMP Fig. 1 . Partial nucleotide sequence of SFB f used to design LAMP primers. The putative inserted sequence is shown by box (Ushijima et al., 2004 ). An asterisk indicates stop codon and underlines indicate the positions of the targeting sequences. (Doyle and Doyle, 1987) , lane 2: the miniprep method (Edwards et al., 1991) , lane 3: the ultrasimple DNA extraction method (Ikeda et al., 2001 ). method has high ability to synthesize an extremely large amount of amplification products, a large amount of byproduct, a pyrophosphate ion, is also produced yielding a white precipitation of magnesium pyrophosphate in the LAMP reaction mixture. Thus, the measurement or the observation of the turbidity of the reaction mixture allows easy detection of amplification of target DNA. Hence, the LAMP method can be a useful tool for the marker-assisted selection. In this study, the LAMP method combined with the 3 DNA extraction methods was tested to detect self-compatible individuals of Japanese apricot. The optimal reaction time at 63°C for detection of SFB f by LAMP was 90 minutes and the most suitable DNA extraction method was the ultrasimple DNA extraction method described by Ikeda et al. (2001) . When the reaction was performed with these optimized procedures, the specific DNA banding patterns of the LAMP products were detected only in the self-compatible cultivars of Japanese apricot. Although a single nonspecific band was observed in self-incompatible cultivars of ÔGessekaiÕ, ÔNankoÕ, and ÔOusyukuÕ, it could be easily distinguished from the LAMP products from SFB f . The single band could be amplified products from SFB 1 by inner primers FIP and BIP because these 3 cultivars shared the S 1 -haplotype. In addition to the extreme difference in the banding pattern, turbidity of the reaction mixture could be used as a good indication for the LAMP reaction from SFB f .
In conclusion, we have developed a simple, rapid, and highly specific procedure for the selection of self-compatible individuals with S f -haplotype. Because this method can be carried out in a short time with very simple equipments, it would serve as a very useful tool for breeding of self-compatible cultivars in the Japanese apricot.
